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Abstract 
India, which is in the mid latitude region, has extremly hot summers on its plains. In Northern and Central region of 
the country the maximum day temperature often goes beyond 45 0C. The temperature inside the buildings, which  
generally have horizontal RCC roof, is unbearable without air conditioning. The steep rise in the cost of electricity 
has driven architects and builders to use passive cooling techniques in the construction. In this paper we examine the 
present methods that use an insulation layer to reduce the heat flux entering the living space bringing out their merits 
and demerits. Further we present an innovative approach in roof design that incorporates a layer of fly ash pieces 
which works as a porous insulation layer. The method has been implemented in a residential building in Delhi (28.380 
N). The experimental results demonstrate that the layer provides excellent insulation and it also shows structural 
stability.      
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1. Introduction 
     In the mid latitude region like India the energy consumption due to increasing use of air-conditioners 
during the summer months creates huge demands on electrical energy. There is a great scope of reducing 
this energy demand by adopting inexpensive passive cooling techniques. This will reduce our dependence 
on fossil fuels which will result into the reduction of carbon footprint [1]. The horizontal roof receives 
maximum solar radiation during the summer and generally is the main path of heat flux entering the 
living space. Various techniques have been adopted to reduce the heat flux through the roof. Different 
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variants of shallow pond over the roof [2-3] have been investigated extensively. In another approach the 
green roof is constructed in which vegetations like creepers are grown on the roof [4-5]. In both methods 
large amount of water is needed which is increasingly becoming scarce. Another disadvantage is that 
constant maintenance is required for their efficient functioning. 
  
Nomenclature    
d             total thickness of the roof m 
T0           Amplitude of temperature wave at 0x   
Td           Amplitude of temperature wave at x d  
α            diffusivity m2/s 
v            velocity m/s 
ε            damping constant m-1 
ω           angular frequency rad/s 
 
     An insulation layer over or under the RCC layer is also becoming increasingly popular to reduce the 
heat flux through the roof. A number of studies [6-7] have been conducted with insulation cover over and 
under the roof to find their effectiveness. These methods require no water and are practically maintenance 
free. For the past few years we have attempted and studied such techniques. In one such method, 
polystyrene sheets have been cut into pieces and laid over the RCC slab. The polystyrene is an excellent 
insulator. It neither degrades nor do the termites or other insects attack it. The sheets are further covered 
by white marble to make them a permanent feature. Even though this has proved a marvelous insulation 
layer the polystyrene sheets are not able to take the pressure of the marble slabs and cracks develop on the 
surface bringing in problem of water seepage.  
     In yet another approach inverted shallow earthen pots were laid over the RCC slab which was packed 
with concrete in order to provide structural stability (see fig. 1). The inverted earthen pots have the 
following advantages: 
a) These are locally available from potters.  
b) These are light in weight.  
c) They don’t cause water seepage.  
 
Such an approach gives excellent structural stability. The field study carried out reveals that heat 
insulation property of such roof is marginal. This is because heat flux enters through the concrete part of 
the insulation layer. Theoretical calculation shows that it will reduce the heat flux by 66%. 
2. Insulation layer using fly ash pieces 
     In the latest approach (built in 2007), it was decided to use fly ash pieces and form a granular layer 
over the roof. The fly ash is obtained from the brick kilns where low grade coal is used for firing. The low 
grade coal when burnt leaves these as residues. This is fused rocky material which is hard and porous. 
The fly ash has an excellent insulation property. These are generally used in the building industry in and 
around Delhi to raise the floor level.  The large pieces were broken into smaller pieces with diameter 2 
cm to 5 cm. Irregular shaped fly ash pieces were spread over the RCC slab after dividing the roof surface 
into compartments of size 0.6u0.6 m2 (see fig. 2).The compartments restrict the movement of the pieces. 
The crevices between the fly ash pieces are the key elements that make the insulation layer. The various 
layers of the roof from bottom up are the following: 
1. RCC slab 10 cm thick, 
2. Fly ash pieces 2-5 cm diameter packed by dry earth on the top, 
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3. PVC sheet of 2mm thickness, 
4. Earth with varying thickness of 2 to 8 cm, 
5. Brick tiles 4 cm thick 
6. Cement plus waterproof layer of 1-2 mm thickness. 
 
 
 
Fig. 1. Insulation layer using inverted earthen pots over RCC slab under construction 
 
 
 
 
Fig. 2. Insulation layer using fly ash pieces under construction 
3. Experimental details 
The roof was studied for its structural and thermal characteristics for about three years. Observations 
of temperature were taken during the summer months of May and June when the day temperature remains 
very high. The doors and windows were shut and they were covered with heavy curtains to minimize heat 
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flux entering through them. Temperature at five different points of the roof and five points of the ceiling 
were observed. The points were chosen randomly leaving at least 1 m from the edges. For one set of 
observation the points of observation were fixed. Thermocouple were attached with adhesive on the roof 
and ceiling surfaces. The readings of temperature were taken using a digital thermometer which was 
standardized using the steam temperature. The temperature readings were taken manually at an interval of 
half an hour on the surfaces of the roof and the ceiling. The average temperature obtained for five points 
of the roof and ceiling were plotted against the local time as is shown in figure 3 for a typical day of June. 
The roofs built with earth layer have also been studied in order to compare their results with that 
obtained for the insulated roof. In such a roof (which will be referred to as usual configuration) layer of 
earth with thickness 5 cm to 15 cm is laid on the RCC surface, which in turn is covered by brick tiles. In a 
similar experiment the data of temperatures were obtained on a roof with usual configuration in another 
building.  
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Fig. 3. Variation of Temperature for the Porous roof 
4. Results and discussion 
For the roof with an insulation layer, the maximum temperature reaches nearly 60 0C between 2 to 3 
pm, while the lowest temperature is the minimum night ambient temperature (see fig. 3). The ceiling 
temperature varies by 1.5 0C. The peak of the ceiling temperature is seen at 20h 30min which is 6h 
delayed from the peak at the roof top.  
A roof built with RCC, earth and brick tiles (the usual configuration) has been observed to give a 
shorter time delay of 4h in a similar study. Dividing the total thickness of the roof by the time delay gives 
the wave velocity. The wave velocities for two types of roofs are listed in table 1. The recorded 
temperature difference between the minimum to maximum is about 4oC for the ceiling in the usual 
configuration.  
The temperature variations at the roof top and ceiling for both configurations show that a damped 
progressive wave propagates in the medium. The amplitude of temperature oscillation diminishes 
exponentially as the distance x increases. With the assumption that the input disturbance at x=0 is 
sinusoidal, the solution of the one dimensional heat diffusion equation is given by [8-9],  
0( , ) cos ( / )
xT x t T e t x vH Z                                                                                                 (1) 
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where we have assumed that only the first term in Fourier expansion gives most significant contribution 
and second and subsequent terms may be neglected. The equation (1) shows that the amplitude of the 
wave decays exponentially. At a distance x, the amplitude Tx is given by, 
x
x oT T e
H                                                                                                                                    (2) 
The decay constant ε and velocity v are respectively given by, 
2
ZH D 
                                                                                                                                          (3) 
and 
 2v DZ                                                                                                                                      (4) 
Using the amplitude of the temperature wave at 0x  , (T0) and at x   total thickness of the roof (Td ) 
in equation (2) the value of decay constant can be obtained. The averages of values of ratio (T0/Td) are 
listed in table 1 for the two roof configuration. 
Table 1. Average amplitude ratio, diffusivity and velocity for the two types of roofs 
Roof Type Average 
Amplitude ratio 
(T0/Td) 
Diffusivity (m2/s ) Velocity (m/s) 
Porous insulation layer  20.27 72.1 10u  51.06 10u  
Usual configuration 7.45 61.2 10u  52.57 10u  
The value of ω is found by taking the time period = 24 h for the wave. The values of diffusivities as 
obtained from equation 3 are listed in Table 1. The diffusivity can also be calculated from velocity using 
equation 4. However the value will be less accurate as there is large uncertainty in time determination 
which is used for calculation of velocity. We observe that there is a sharp decrease of diffusivity for the 
roof with insulation layer showing the effectiveness of the porous layer as an insulator. 
5. Conclusion  
The experimental results show that an insulation layer made up of fly ash pieces, if embedded in the 
roof, effectively reduces the heat flux through the roof. The temperature wave passing through such a roof 
is heavily damped and at the ceiling its amplitude is ~ 1.5 0C. No cracks have been observed in the roof 
even after 4 years showing that it is structurally durable. 
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